Formation of a ternary complex between thrombin, fibrin monomer, and heparin influences the action of thrombin on its substrates.
The consequences of the combined effects of fibrin II monomer (FnIIm) and heparin (H) on the hydrolysis of peptidyl p-nitroanilide substrates by thrombin (IIa), the cleavage of prothrombin by thrombin and the thrombin-catalyzed release of fibrinopeptides from fibrinogen have been studied at pH 7.4 and I 0.15. The effects of fibrin II monomer and heparin on chromogenic substrate hydrolysis can be described by a hyperbolic mixed inhibition model in which substrate can interact with four possible enzyme species (IIa, IIa.H, IIa.FnIIm, and IIa.FnIIm.H) that arise as a result of random formation of a ternary complex among thrombin, fibrin II monomer, and heparin (Hogg, P. J. and Jackson, C. M. (1990) J. Biol. Chem. 265, 241-247). The formation of the ternary IIa.FnIIm.H complex results in an increase in the Km values of 7.03 +/- 1.17-fold (1.37-9.65 microM) and 1.94 +/- 0.60-fold (38.1-73.9 microM) for H-D-Ile-Pro-Arg-pNA and Cbz-Gly-Pro-Arg-pNA hydrolysis, respectively, and a decrease in the kc values of 0.45 +/- 0.08-fold (49.5-22.3 s-1) and 0.52 +/- 0.05-fold (93.1-48.4 s-1). Fibrin II monomer and heparin in combination also decrease the efficiency (kc/Km) with which thrombin cleaves prothrombin to produce Fragment 1 and Prethrombin 1 by 2.3-fold from 607 +/- 30 to 264 +/- 13 M-1 s-1. In contrast to the effects of fibrin II monomer and heparin on thrombin hydrolysis of chromogenic substrates, its proteolysis of prothrombin and its inactivation by antithrombin III (Hogg, P. J., and Jackson, C. M. (1989) Proc. Natl. Acad. Sci. U. S. A. 86, 3619-3623), these components have no discernible influence on the ability of thrombin to cleave fibrinogen. These observations indicate that the substrate specificity of thrombin is altered when it is bound in a complex with fibrin II monomer and heparin and suggest that the catalytic efficiency of thrombin for its physiological substrates will be affected differentially by these interactions. Such ternary complex formation involving thrombin, fibrin II monomer, and heparin may provide a mechanism for selectively regulating thrombin action.